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© Data storage apparatus. 
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© Data input from a key switch (3) is displayed on 
a liquid crystal display (2), and whether to store the 
data in a RAM (6) or an EEPROM (7) is selected by 
a selection switch. If the EEPROM (7) is selected, a 
CPU (4) turns on a power switch (10) to apply a high 
voltage to the EEPROM (7) to write the input data 
therein. Data stored in the RAM (6) and the EEPR- 
OM (7) are read out upon operation of a search 
switch and are sequentially displayed on the liquid 
crystal display (2). It is clearly informed whether the 
currently displayed data is read out from the RAM 
(6) or the EEPROM (7). With this operation, if data 
which is required to be protected against disconnec- 
tion of a power supply voltage or a drop in power 
supply voltage is stored in the RAM (6). the data can 
be stored in the EEPROM (7). 
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The present invention relates to a data storage 
apparatus including both a volatile memory, in 
which stored data is lost when the power supply 
voltage is lowered or cut off, and a nonvolatile 
memory in which storage data is preserved when 
the power supply voltage is towered or cut off. 

In an electronic device designed to store input 
data, a volatile memory such as a RAM is used as 
a memory for storing the data. In a volatile mem- 
ory, stored data is lost when the power supply 
voltage is lowered or cut off. For this reason, in 
some device, a nonvolatile memory such as an 
EEPROM is used in place of a RAM. 

A nonvolatile memory such as an EEPROM, 
however, has various drawbacks, e.g., a small 
memory capacity, a limited data write count, and a 
high voltage for a data write operation leading to 
large current consumption. Under the circum- 
stances, it is difficult to replace RAMs with EEPR- 
OMs at once. 

More specifically, in an apparatus in which data 
are frequently written in a memory, if an EEPROM 
is used as the memory, and the data write count 
limit is exceeded, the apparatus itself cannot be 
used unless the EEPROM is replaced with a new 
one. In addition, if a battery or the like is used as a 
power supply, since a data write operation must be 
performed with a high voltage, the service life of 
the battery is shortened. 

It is an object of the present invention to pro- 
vide a data storage apparatus which can preserve 
only necessary data of stored data even if the 
power supply voltage is lowered or cut off. 

It is another object of the present invention to 
provide a data storage apparatus which can pre- 
serve only necessary data by using an EEPROM 
even if the power supply voltage is lowered or cut 
off, and is designed so as not to exceed the data 
write count limit or shorten the service life of a 
battery. 

In order to achieve the above objects, accord- 
ing to the present invention, there is provided a 
data storage apparatus comprising: data input 
means for inputting data; volatile memory means 
capable of storing the data input by said data input 
means; nonvolatile memory means capable of stor- 
ing the data input by said data input means; selec- 
tion switch means for selecting one of said volatile 
memory means and said nonvolatile memory 
means in which the data input by said data input 
means is stored; storage control means for causing 
the memory means selected by said selection 
switch means to store the data input by said data 
input means; and display means for displaying the 
data stored in said volatile and nonvolatile memory 
means. 

With such an arrangement, according to the 
present invention, data to be preserved can be 



reliably preserved even if the power supply voltage 
is lowered or cut off. In addition, a data write count 
can be minimized, and the power consumption can 
be suppressed, 
s This invention can be more fully understood 

from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Figs. 1 to 14 show the first embodiment of the 

ro present invention, in which: 

Fig. 1 is a perspective view of an electronic 
wristwatch according to the present invention, 
Fig. 2 is a perspective view showing a display 
portion of the electronic wristwatch, 

rs Fig. 3 is a block diagram showing the circuit 
arrangement of the electronic wristwatch, 
Fig. 4 is a view showing the memory architec- 
ture of a RAM 6 in Fig. 3, 
Fig. 5 is a view showing the memory architec- 

20 ture of EEPROM 7 in Fig. 3, 

Figs. 6 to 10 are flow charts respectively show- 
ing sequences of operations, and 
Fig. 11 is a block diagram showing changes in 
display mode, based on switching operations; 

25 Fig. 12 is a view showing changes in display 
during a data setting operation; 
Fig. 13 is a view showing changes in display 
during a data sequential search; 
Fig. 14 is a view showing a display state during 

do a data transfer operation; 

Figs. 15 and 16 are flow charts showing oper- 
ations in the second embodiment of the present 
invention; and 

Figs. 17 to 21 show the third embodiment of the 
35 present invention, in which: 

Fig. 17 is a view showing the memory architec- 
ture of a RAM, 

Fig. 18 is a view showing the memory architec- 
ture of an EEPROM, 
40 Fig. 19 is a flow chart showing a sequence of 
operations, and 

Figs. 20 and 21 are views respectively showing 
display states. 

45 [First Embodiment] 

An embodiment of the present invention will be 
described below with reference to Figs. 1 to 14. In 
this embodiment, a data storage apparatus of the 
so present invention is applied to an electronic wrist- 
watch. 

Fig. 1 is a perspective view of an electronic 
wristwatch to which the present invention is ap- 
plied. An LCD (liquid crystal display) 2 and an Si 
55 key to an Se key constituted by push-button 
switches are arranged on an electronic wristwatch 
main body 1 . The S^ key serves to switch a current 
time display mode and a data display mode, which 
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wilt be described later. The S 2 key serves to switch 
a data display state in which stored data is dis- 
played, and a set data display state in which data 
is input, and is also used to perform data editing, 
as will be described later. The S3 key serves to 
perform a sequential search operation in which 
stored data are sequentially displayed on the LCD 
2. The S4 key serves to perform data transfer 
processing and is also used to select a character 
when data correction is performed. The Ss key 
serves to select a digit position when data correc- 
tion is performed. The S& key is used to perform 
other processing. 

Fig. 2 shows the arrangement of the LCD 2. 
The LCD 2 comprises a dot matrix display portion 
2a for displaying characters, numeric segment dis- 
play portions 2b and 2c for displaying numerals, a 
PM symbol display portion 2d, and a "keep" mark 
display portion (K display portion) 2e. The dot 
matrix display portion 2a displays name data in- 
cluded in name/telephone-number data. The 
numeric segment display portions 2b and 2c dis- 
play time data or telephone number data included 
in name/ telephone-number data. The "keep" mark 
display portion (X) 2e indicates that 
name/telephone-number data displayed on the dot 
matrix display portion 2a and the numeric segment 
display portions 2b and 2c is kept in an EEPROM 
7 (to be described later). 

Fig. 3 is a block diagram showing the circuit 
arrangement of the electronic wristwatch. Referring 
to Fig. 3, a switch section 3 includes the Si key to 
the S* key shown in Rg. 1 1 and serves to output a 
key input signal corresponding to a key input to a 
control section (CPU) 4. The control section 4 is a 
central processing section for performing various 
types of processing in accordance with micropro- 
grams stored in a ROM 5 in advance. A RAM 6 is 
a volatile memory for storing various data such as 
name/telephone-number data and current time 
data. The EEPROM (electrically erasable and prog- 
rammable read only memory) 7 as a nonvolatile 
memory capable of rewrite operation serves to 
store arbitrarily selected name/telephone-number 
data. A power supply circuit 8 applies a driving 
voltage (1.5V) to the respective components in 
accordance with a voltage (3V) applied from a 
lithium battery 9, and also supplies a predeter- 
mined voltage (2V) to the EEPROM 7 in response 
to a signal a output from the control section 4. A 
MOS transistor 10 is a gate element for controlling 
the supply of power to the EEPROM 7. In response 
to the signal a output from the control section 4, 
the MOS transistor 10 is turned on to connect the 
EEPROM 7 to the ground voltage (GND). 

A decoder driver 11 outputs a display driving 
signal to the LCD 2 in accordance with display data 
output from the control section 4. An oscillator 12 



incorporates a quartz oscillator and outputs, e.g., a 
32-kHz (32768) clock pulse to a frequency 
dividing/timing signal generating circuit 13. The fre- 
quency dividing/timing signal generating circuit 13 
5 frequency-divides the clock pulse supplied from 
the oscillator 12 to generate various types of timing 
signals such as a timepiece signal. The circuit 13 
then outputs the timing signals to the control sec- 
tion 4. 

70 Fig. 4 shows the memory architecture of the 

RAM 6. As shown in Rg. 4, the RAM 6 includes 
various types of registers and TEL data memories 
Co to C n for storing name/telephone-number data. 
A display register is a register for storing data to 

75 be displayed on the LCD 2. A mode register M is a 
register for storing a mode flag. When M = 0 (the 
value of the register M is "O"), the current time 
display mode is set. When M = 1 , the data display 
mode is set. A flag register F stores a flag indicat- 

20 ing whether data correction is being performed. A 
flag register G stores a selection flag indicating 
whether the RAM 6 or the EEPROM 7 is selected 
in a data read/write operation. When G = 0, the 
RAM 6 is selected. When G = 1, the EEPROM 7 

25 is selected. A timepiece register serves to store the 
current time (date and time) counted by the control 
section 4. A register Po is a pointer for designating 
an address of each of the TEL data memories Co 
to C„. A register Pi is a pointer for designating an 

30 address of each of TEL data memories Do, D1 .... in 
the EEPROM 7 shown in Rg. 5. In each of the TEL 
data memories Co to C n ,alphabetic name data is 
stored in an area CX, telephone number data is 
stored in an area CY, order data indicating the 

35 order of read operations in a sequential search is 
stored in an area CZ, and a "keep" flag indicating 
whether data is kept or not is stored in an area CT. 

Fig. 5 shows the memory architecture of the 
EEPROM 7. As shown in Fig. 5. a large number of 

40 TEL data memories Do, Di,... are arranged in the 
EEPROM 7. In each of the TEL data memories Do, 

D1 alphabetic name data is stored in an area 

DX, telephone number data is stored in an area 
DY, order data indicating the order of read oper- 

45 ations in a sequential search is stored in an area 
DZ, and a "keep" flag indicating whether data is 
kept or not is stored in an area DT. 

An operation of the apparatus of the above 
embodiment will be described next with reference 

50 to Figs. 6 to 14. Fig. 6 is a flow chart showing the 
overall operation. Rg. 7 is a flow chart showing a 
routine of data editing processing in Rg. 6. Fig. 8 
is a flow chart showing a routine of data sequential 
search processing in Rg. 6. Rg. 9 is a flow chart 

55 showing a routine of data display processing in Rg. 
6. Rg. 10 is a flow chart showing a routine of data 
transfer processing in Rg. 6. 

The overall operation will be described first 
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with reference to Fig. 6. The control section 4 is 
kept in a "HALT" state in step A1 until a timepiece 
signal is output from the frequency dividing/timing 
signal generating circuit 13. 

When the timepiece signal is output, the pres- 
ence of the timepiece signal is determined in step 
A1 , and the flow advances to step A2. In step A2, 
timepiece processing is performed to update cur- 
rent time data stored in the timepiece register. In 
step A3, it is checked whether n M = 0", i.e.. the 
content of the mode register M is "0". If YES in 
step A3, the flow advances to step A4 to perform 
current time display processing. 

In the current time display processing, the cur- 
rent time data stored in the timepiece register of 
the RAM 6 is displayed on the LCD 2, as indicated 
by "A" in Fig. 11. After the processing in step A4 
is completed, the flow returns to step A1 . 

In contrast to this, if "M = 1", NO is obtained 
in step A3, and the flow advances to step A5 to 
perform data display processing. In step A5, data 
display processing is performed to display name 
data and telephone number data on the LCD 2. 
The flow then returns to step A1 . The data display 
processing will be described in detail later with 
reference to Fig. 9. 

When one of the Si key to the Se key is 
operated, the presence of a key input is deter- 
mined in step A1, and the flow advances to step 
A6. In step A6, it is checked whether the operated 
key is the Si key. If the Si key is operated. YES is 
obtained in step A6, and the flow advances to step 
A7. In step A7, the content of the mode register M 
is inverted to switch the modes. For example, if the 
Si key is operated when "M = 0", "M = 1" is set, 
and the data display mode is set, as indicated by 
"B" in Fig. 11. If the Si key is input when "M = 
1". "M = 0" is set, and the current time display 
mode is set. as indicated by "A" in Fig. 11. After 
the processing in step A7 is completed, the flow 
advances to step A3. 

If NO in step A6, the flow advances to step A8. 
In step A8, it is checked whether the operated key 
is the S2 key. If the S2 key is operated, YES is 
obtained in step A8, and the flow advance to step 
A9. In step A9. it is checked whether n M = 1", i.e., 
the content of the mode register M is "1 If YES in 
step A9, the flow advances to step A10. If NO in 
step A9, the flow advances to step A20. 

If "M = 1" in step A9 t YES is obtained, and 
the flow advances to step A10. In step A10, it is 
checked whether "F = 0", i.e., the content of the 
flag register F is "0". If YES in step A10, the flow 
advances to step AIL If NO in step A10, the flow 
advances to step A12. If "F = 0", YES is obtained 
in step A10, the flow advances to step A11. In step 
A11, "1" is written in the flag register F, and "M = 
1 , F = 1 " is set. As a result, the set data display 
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mode is set, as indicated by "C" in Fig. 11. After 
the processing in step A11 is completed, the flow 
advances to step A3. 

if NO (F = 1) in step A10 t the flow advances to 

5 step A12. In step A12. data editing processing is 
executed, and the flow advances to step A3. The 
data editing processing will be described in detail 
later with reference to Fig. 7. 

If NO in step A8, the flow advances to step 

10 A13. In step A13, it is checked whether the op- 
erated key is the S 3 key. If the S3 key is operated. 
YES is obtained in step A13, and the flow ad- 
vances to step A14. In step A14, it is checked 
whether "M = 1" is set. If YES in step A14, the 

75 flow advances to step A15. If NO in step A14, the 
flow advances to step A20. IF "M = 1 " is set, i.e., 
YES is obtained in step A14, and the flow ad- 
vances to step A15. In step A15, it is checked 
whether "F = 0" is set. If YES in step A15. the 

20 flow advances to step A16. If NO in step A15, the 
flow advances to step A20. If "F = 0" is set, YES 
is obtained in step A15, and the flow advances to 
step A16 to execute data sequential search pro- 
cessing. The data sequential search processing will 

25 be described in detail later with reference to Fig. 8. 
After the processing in step A16 is completed, the 
flow advances to step A3. 

If NO in step A13, the flow advances to step 
A17. In step A17, it is checked whether the op- 

30 erated key is the S* key. If YES in step A17, the 
flow advances to step A18. If NO in step A17, the 
flow advances to step A20. If the S* key is op- 
erated, YES is obtained in step A17, and the flow 
advances to step A18. In step A18, it is checked 

35 whether "M = 1, F = 0" is set. If YES in step A18, 
the flow advances to step A19. If NO in step A18, 
the flow advances to step A20. If "M = 1 , F = 0" 
is set, YES is determined in step A18. and the flow 
advances to step A19. In the data transfer process- 

40 ing in step A19. displayed data is transferred from 
the RAM 6 to the EEPROM 7 or from the EEPROM 
7 to the RAM 6 and editing processing of the 
transferred data is performed. The data transfer 
processing will be described in detail later with 

45 reference to Fig. 10. The flow advances from step 
A19 to step A3. 

In step A20, other key input processing is 
performed. Other key input processing is, for ex- 
ample, current time setting, digit position selection 

50 in the data set state in which "M = 1, F = 1" is 
set, and data correction processing by character 
selection. After the processing in step A20 is ex- 
ecuted, the flow advances to step A3. 

Setting of name/telephone-number data in oth- 

55 er key processing in step A20 will be described 
next with reference to Fig. 12. The Si key is 
operated in advance to perform the processing in 
step A7 so as to set "M = 1 B . In addition, the S2 

4 
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key is operated to perform the processing in step 
A11 so as to set "F = 1". 

With this operation, the flow advances to step 
A5 to perform set data display processing in the 
data display mode, thus flickering the character 
"A" on the dot matrix display portion 2a of the LCD 
2, as shown in Fig. 12A. 

In this case, if the Si key is sequentially op- 
erated, the characters "A", "B", "C",... are sequen- 
tially selected, and the character "S" is flickered, 
as shown in Fig. 12B. When the display character 
"S" is to be set, the S 3 key is operated to select 
the next digit position. 

With this operation, the flashed display is shift- 
ed to the second digit position in the dot matrix 
display portion 2a, as shown in Fig. 2C. When the 
S3 and S4 keys are subsequently operated in the 
same manner as described above to set character 
data and numeric data, a name "SUZUKI" is dis- 
played on the dot matrix display portion 2a, as 
shown in Fig. 12D, and a telephone number "0123- 
45-7890" is displayed on the numeric segment 
display portions 2b and 2c, while the numeral "0" 
at the lowest digit position is flickered. 

If the S3 key is operated in this state, "1" is 
written in the flag register G to set "G = 1", and 
the EEPROM 7 is selected. As a result, as shown 
in Fig. 12E, the "keep" mark display portion of the 
LCD 2 is flickered. The flickering "keep" mark "K" 
indicates that the displayed name/telephone-num- 
ber data "SUZUKI 0123-45-7890" is stored/kept in 
the EEPROM 7. 

If the S4 key is operation in this state, the 
"keep" mark "K" disappears. This state indicates 
that the above-mentioned data is stored in the 
RAM 6. 

If the S2 key is operated in the state shown in 
Fig. 12E or in the state wherein the "keep" mark 
"K" disappears, the processing in step A12 is 
executed to store the name/telephone-number data 
in the EEPROM 7 or the RAM 6 and edit the data. 

The data editing processing in step A12 will be 
described in detail below with reference to Fig. 7. If 
the S2 key is operated in the state of "M = 1 , F = 
1", the data editing processing in step A12 is 
executed. 

In step 61, newly set data is compared with 
each data stored in the RAM 6 and the EEPROM 7 
to search for the start data of the name data 
arranged in the alphabetical order. 

In step B2, the order data of the start data of 
the alphabetically arranged name data is set to be 
"1 ". In step B3, it is checked whether the start data 
has the "keep" flag ("1" data). That is, if the input 
data is the start data, it is checked whether "1" is 
set in the register G. If the start data is present in 
the data stored in the EEPROM 7 or the RAM 6, it 
is checked whether the content of the area CT or 



DT is "1". If YES in step B3, the flow advances to 
step B4. If NO in step B3, the flow advances to 
step B5. 

In step B4, the data is stored in the EEPROM 

5 7, and the flow advances to step B6. 

If NO in step B3, the flow advances to step B5. 
In step B5, the data is stored in the RAM 6, and 
the flow advances to step B6. 

In step B6, the address stored in the register 

10 Po or Pi is updated. In step B7, it is checked 
whether the address designated by each of the 
registers Po and Pi is the end address. If YES in 
step B7, the flow advances to step B8. If NO in 
step B7, the flow returns to step B1 , and steps B1 

15 to B7 are repeated. In this case, in step B2, order 
data are sequentially added, e.g., order data "2" in 
the second sequence, and order data "3" in the 
third sequence. When both the addresses des- 
ignated by the registers Po and Pi are end ad- 

20 dresses, the flow advances to step B8. In step B8, 
the registers Po and Pi are initialized to designate 
start addresses, respectively. 

Subsequently, in step B9, the orders of name/ 
telephone-number data designated by the initial- 

25 ized registers Po and Pi are compared with each 
other. That is, the contents of the areas CZ and DZ 
of registers Co and Do, which are respectively des- 
ignated by the registers Po and Pi are compared 
with each other, thus checking whether CZ < DZ. If 

30 YES in step B9, i.e., the content of the area CZ is 
smaller (higher in order) than that of the area DZ, 
the flow advances to step B10. If NO in step B9, 
i.e., it is determined that the content of the area CZ 
is larger (lower in order) than that of the area DZ, 

35 the flow advances to step B1 1 . 

In step B10, "0" is written in the flag register 
G, and "G = 0" is set. As a result, the 
name/telephone-number data stored in the RAM 6 
is selected. After the processing in step B10 is 

40 executed, the flow advances to step B12. 

In step B11, "1" is written in the flag register 
G, and "G = 1" is set. As a result, the 
name/telephone-number data stored in the EEPR- 
OM 7 is selected. The flow advances from step 

45 B11 to step B12. 

In step B12. "0" is written in the flag register F 
to set "M = 1, F = 0", thus setting the data 
display mode indicated by "B" in Fig. 1 1 . With the 
execution of step B12, the processing in Fig. 7 is 

50 completed. 

Upon completion of the data editing processing 
in Fig. 7, "AKAO 33-4567 (CZ = 1)" and "ENDO 
0521-21-1123 (CZ =3)" are stored, as 
name/telephone-number data, in the TEL data 

55 memories Co to C n of the RAM 6, and "DOI 03- 
421-1151 (DZ = 2)" and "SUZUKI 0123-45-7890 
(DZ = 4)" are stored, as name/telephone-number 
data, in the TEL data memories Do, Di,..., as 



5 
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shown in Fig. 4. 

The data sequential search processing will be 
described below with reference to Fig. 8. In this 
case, since "M = 1, F = 0, G = 0" is set by the 
data editing processing described above, the 
name/telephone-number data "AKAO 33-4567" 
stored in the RAM 6 is displayed on the LCD 2, as 
shown in Fig. 13A. If the S3 key is operated in this 
state, the flow advances to step A16 through steps 
A13 to A15 in Fig. 6, and the data sequential 
search processing is executed. 

In step C1, it is checked whether "G" = 0" is 
set, i.e. ( the content of the flag register G is "0", 
and the RAM 6 is selected. If YES in step C1, i.e., 
the RAM 6 is selected, the flow advances to step 
C2. If NO (G = 1) in step C1, i.e., the EEPROM 7 
is selected, the flow advances to step C3. In this 
case, since "G = 0" is set, and the 
name/telephone-number data of the RAM 6 is dis- 
played, the flow advances to step C2. 

In step C2, the content of the register Po, 
which designates an address of the RAM 6, is 
incremented by one to address-designate the next 
name/telephone-number data "ENDO 0521-21- 
1123 (CZ = 3)* stored in the RAM 6. The flow 
then advances from step C2 to step C4. 

In step C4, similar to step B9 described above, 
the orders of the name/telephone-number data des- 
ignated by the registers Po and Pi are compared 
with each other. More specifically, the content "3" 
of the area CZ and the content "2" of the area DZ 
respectively designated by the registers Po and Pi 
are compared with each other to check whether CZ 
< DZ. If YES in step C4, i.e., the content of the 
area CZ is smaller than the content of the area DZ 
(higher in order), the flow advances to step C5. If 
NO in step C4, i.e., the content of the area CZ is 
larger than that content of the area DZ (lower in 
order), the flow advances to step C6. Since "CZ = 
3, DZ = 2" in this case, NO is obtained in step C4, 
and the flow advanced to step C6. In step C6, "1 " 
is written in the flag register G to set "G" 1", and 
the EEPROM 7 is selected. With the execution of 
step C6, the processing in Fig. 8 is completed, and 
the flow advances to step A5 through step A3 to 
perform the data display processing. 

If NO in step CI, the flow advances to step C3. 
In step C3, the register Pi for address-designating 
the EEPROM 7 is incremented by one to address- 
designate the next data. The flow advances from 
step C3 to step C4 to check whether CZ < DZ. 

If YES in step C4, the flow advances to step 
C5. In step C5, "0" is written in the flag register G 
to set "G = 0" and the RAM 6 is selected. With 
the execution of step C5, the processing in Fig. 8 
is completed, and the flow advances to step A5 
through step A3 to perform the data display pro- 
cessing. 
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The data display processing will be described 
in detail below with reference to Fig. 9. In step D1, 
it is checked whether "F = 0" is set, i.e., the 
content of the flag register F is "0*. If YES in step 

5 D1 , the flow advances to D2. If NO in step D1 , the 
flow advances to step D5. In this case, since "F = 
0" is set, YES is obtained in step D1, and the flow 
advances to step D2. 

In step D2, it is checked whether "G = 0" is 

10 set. If YES in step D2, the flow advances to step 
D3. If NO in step D2, the flow advances to step D4. 
In this case, since "G = 1 " is set, NO is obtained 
in step D2, and the flow advances to step D4. In 
step D4, the name/telephone-number data stored in 

75 the EEPROM 7 is read out on the basis of the 
address designated by the register Pi . In this case, 
since the register Pi designates the start address, 
the name/telephone-number data "DOI 03-421- 
1151" is displayed together with the "keep" mark 

20 "K" on the LCD 2, as shown in Fig. 13B. 

If the S3 key is operated again in this state, the 
data sequential search processing is executed. 
Since "G = 0" is set, NO is obtained in step C1, 
and the flow advances to step C3. In step C3, the 

25 register Pi is incremented by one to address- 
designate the next name/telephone-number data 
"SUZUKI 0123-45-7890 (DZ = 4)" stored in the 
EEPROM 7. The flow advances from step C3 to 
step C4. In step C4, it is checked whether CZ < 

30 DZ. Since "CZ = 3 and DZ = 4", YES is obtained 
in step C4 t and the flow advances to step C5. In 
step C5, "0" is written in the flag register G to end 
the processing in Fig. 8. and the data display 
processing in Fig. 9 is executed. 

35 Referring to Fig. 9 again, since "F = 0" is 

determined in step D1, the flow advances to step 
D2 to check whether "G = 0" is set. Since "G = 
0" is set, YES is obtained in step D2, and the flow 
advances to step D3 to read out name/telephone- 

40 number data from the RAM 6 in accordance with 
the address designated by the register Po. In this 
case, since the register Po address-designates the 
name/telephone-number data "ENDO 0521-21- 
1123 (CZ = 3)", the name/telephone-number data 

45 "ENDO 0521-21-1123" is displayed on the LCD 2, 
as shown in Fig. 13C. 

If the S 3 key is operated in this state, the data 
sequential search processing is executed. Since "G 
= 0" is set, YES is obtained in step C1, and the 

50 flow advances to step C2 to increment the register 
Po by one, thus address-designating the next 
name/telephone-number data (CZ £ 5) stored in the 
RAM 6. The flow advances from step C2 to step 
C4. In step C4 ( it is checked whether CZ < DZ. 

55 Since CZ £ 5, and DZ = 4, NO is obtained in step 
C4, and the flow advances to step C6. In step C6, 
"1" is written in the flag register G to end the 
processing in Fig. 8, and the data display process- 



11 



EP 0 488 366 A2 



12 



ing in Fig. 9 is executed. 

Referring to Fig. 9 again, since "F = 0" is set 
in step D1 , the flow advances to step D2 to check 
whether "G = 0" is set. In this case, since "G = 
1 " is set, NO is obtained in step D2, and the flow 
advances to step D4 to read out name/telephone- 
number data from the EEPROM 7 in accordance 
with the address designated by the register Pi. 
Since the register Pi designates the 
name/telephone-number data "SUZUKI 0123-45- 
7890". the name/telephone-number data "SUZUKI 
0123-45-7890" is displayed on the LCD 2 together 
with the "keep" mark "K". as shown in Fig. 13D. 

In this manner, every time the Sa key is op- 
erated, a sequential search for name/telephone- 
number data is performed in the alphabetical order. 
When the display data is to be transferred to the 
RAM 6 or the EEPROM 7, the S 4 key is operated. 
With this operation, the data transfer processing in 
step A19 is executed through steps A17 and A18. 

The data transfer processing will be described 
in detail below with reference to Fig. 10. In step E1, 
it is checked whether "G = 0" is set with respect 
to displayed data. If YES in step E1, the flow 
advances to step E2. If NO (G = 1) in step E1, the 
flow advances to step E3. If "G = 0" is set, i.e., 
the display data is data in the RAM 6, step E2 is 
executed. If "G = 1 " is set, i.e., the display data is 
data in the EEPROM 7, step E3 is executed. In 
step E3, "0" is written in the area DT of each of 
the TEL data memories Do, Di,... respectively 
address-designated by the register Pi , and the flow 
advances to step E4 to perform the data editing 
processing. 

In step E4, similar to step A12, the 
name/telephone-number data is ranked and stored 
in the RAM 6 or the EEPROM 7 depending on 
whether the "keep" flag "1 " is written in the area 
CT or DT. In this case, if the S* key is operated 
while the name/telephone-number data "SUZUKI 
0123-45-7890" in the EEPROM 7 is displayed, 
since "0" is written in the area DT, this 
name/telephone-number data is stored in the RAM 
6. After step E4 is executed, the processing in Fig. 
10 is completed, and the flow advances to the data 
display processing sequence. 

In the data display processing, as shown in 
Fig. 14, the displayed "keep" mark "K n disappears, 
and only the name/telephone-number data 
"SUZUKI 0123-45-7890" is displayed on the LCD 
2. 

If "G = 0", i.e., YES in step E1, the flow 
advances to step E2 to write the "keep" flag "1" in 
the area CT of each of the TEL data memories Co 
to C n address-designated by the register P 0 , and 
the flow advances to step E4 to perform data 
editing processing. Since the name/telephone-num- 
ber data is ranked, and the "keep" flag "1" is 



written in the area CT, the name/telephone-number 
data is stored in the EEPROM 7. 

[Second Embodiment] 

5 

The second embodiment of the present inven- 
tion will be described below with reference to Figs. 
15 and 16. In the second embodiment, a data 
storage apparatus is designed to store schedule 
10 data in a RAM 6 and an EEPROM 7 in addition to 
name/telephone-number data. Each schedule data 
consists of schedule type data (e.g., "MEETING") 
and schedule time data (e.g., December 15, 10 : 30 
am). 

75 Schedule data stored in the RAM 6 and the 
EEPROM 7 are sequentially edited in the data 
editing processing in Fig. 7 in the order of sched- 
ule time closer to the current time. 

Fig. 15 shows steps to be added between 

20 steps A2 and A3 in Fig. 6. More specifically, in the 
second embodiment, after the timepiece process- 
ing in step A2 is executed, the flow advances to 
step A21. In step A21, it is checked whether a 
minute carry is present, i.e., the minute data of the 

25 current time is updated. In step A22, coincidence 
detection processing is executed to detect whether 
schedule time coincides with the current time. This 
coincidence detection processing will be described 
in detail below with reference to Fig. 16. 

30 In step F1, it is checked whether "G = 0" is 
set. If YES in step F1 t the flow advances to step 
F2. If NO (G = 1) in step F1, the flow advances to 
step F8. 

In step F2, it is checked whether the schedule 
35 time data in the RAM 6 designated by the register 
Po coincides with the current time. If YES in step 
F2, the flow advances to step F3. If NO in step F2, 
the processing in Fig. 16 is ended. 

If YES in step F2, the flow advances to step F3 
40 to increment the content of the register Po by one. 
In alarm processing in step F4, an alarm sound is 
generated to inform the arrival of the schedule 
time. 

In step F5, the schedule time data respectively 
45 designated by the registers Po and Pi are com- 
pared with each other to check whether the sched- 
ule time data designated by the register Po is 
closer in time to the current time than the schedule 
time data designated by the register Pi . If YES in 
so F5, the flow advances to step F6. If NO in step F5, 
the flow advances to step F7. 

If YES in step F5, the flow advances to step F6 
to write "0" in the flag register G, and the process- 
ing in Fig. 16 is ended. If NO in step F5, the flow 
55 advances to step F7 to write "1 " in the flag register 
G, and the processing in Fig. 16 is ended. 

If NO in step F1, the flow advances to step F8 
to check whether the schedule time data in the 
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EEPROM 7 designated by the register Pi coin- 
cides with the current time data. If YES in step F8, 
the flow advances to step F9. If NO in step, the 
processing in Rg. 16 is ended. 

If YES in step F8, the flow advances to step F9 
to increment the content of the register Pi by one. 
As a result, the next schedule data is designated, 
and the flow advances to step F4. Subsequently, 
the processing in steps F4 to F7 is executed in the 
same manner as described above. 

[Third Embodiment] 

Figs. 17 to 21 show the third embodiment of 
the present invention. This embodiment exemplifies 
a case wherein the data write count limit of an 
EEPROM is exceeded. Rg. 17 shows a RAM used 
in place of the RAM 6 in Fig. 4, to which a register 
S is added. Rg, 18 shows an EEPROM, in which 
registers NO, N1, N2,... for storing a data write 
count are respectively arranged in registers DO, D1 , 
D2 

Rg. 19 is a flow chart showing the process of 
writing data in the EEPROM. In step H1, input data 
is written in a memory area designated by a point- 
er Pi of a RAM 6. In step H2, the data in the 
memory area is read out. In step H3, it is checked 
whether the written data coincides with the read 
data. 

When the two data coincide with each other, it 
means that the write operation is properly per- 
formed. In this case, in step H4, the value of a 
register N for storing a data write count with re- 
spect to the memory area is incremented. In step 
H5, an R mark display element 20 is displayed to 
end the data write operation. 

If the written data and the read data do not 
coincide with each other, the flow advances to step 
H6 to increment the value of a register S for storing 
a data write repetition count. Furthermore, in step 
H7, it is checked whether the value of the register 
S has reached "20". 

If the data write repetition count is less than 20, 
the flow returns to step H1 to write data in the 
designated memory area again. 

If the data cannot be written after data write 
operations with respect to the same memory area 
are repeated 20 or more times, it is determined 
that the data write count limit of the memory area 
is exceeded, and no more data can be written 
there. In step H8, a search for an empty area is 
performed. In step H9, it is checked whether any 
empty area is present. 

If YES in step H9, the flow returns to step H1 
to write the data in the empty area. 

If NO in step H9, the flow advances to step 
H10 to display that no data can be written. 

"A" in Rg. 20 shows a display state of data. 
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Referring to Rg. 20, when data is written in the 
memory area designated by the pointer Pi , the R 
mark display element 20 is turned on in step H5 to 
inform a user that the data write operation is com- 
5 pleted. 

If the data cannot be written in the designated 
memory area, and there are no other memory 
areas in which the data can be written, "Err" is 
displayed in step H10, as shown in Rg. 21. 

io Note that data write count data in each of the 
registers NO, N1, N2,... for storing a data write 
count with respect to the EEPROM may be dis- 
played upon switch operation. For example, when 
an SX key (not shown) is operated in the state 

75 indicated by "A" of Rg. 20, a data write count of 
230 with respect to the displayed area may be 
displayed, as indicated by "B" in Rg. 20. 

In the above-described embodiments, 
name/telephone-number data and schedule data 

20 are input by operating the switches as input 
means. However, a terminal for communicating 
with an external unit may be arranged to receive 
data through this terminal in accordance with a 
predetermined format, e.g., the standards RS-232c 

25 or the like. Alternatively, in a paper or the like, an 
antenna and a radio circuit may be arranged as 
input means to receive data through radio signals. 

In each embodiment described above, an elec- 
tronic wristwatch for storing data is exemplified. 

30 However, the present invention is not limited to the 
wristwatch but may be applied to other devices 
such as an electronic notebook, an IC card, and a 
wordprocessor. 

35 Claims 

1. A data storage apparatus comprising: 

data input means (3, 4) for inputting data; 

volatile memory means (6) capable of stor- 
40 ing the data input by said data input means; 

nonvolatile memory means (7) capable of 
storing the data input by said data input 
means; 

selection switch means (S3, Q) for select- 
45 ing one of said volatile memory means and 

said nonvolatile memory means in which the 
data input by said data input means is stored; 

storage control means (4) for causing the 
memory means selected by said selection 
so switch means to store the data input by said 
data input means; and 

display means (2, 4, 11) for displaying the 
data stored in said volatile and nonvolatile 
memory means. 

55 

2. An apparatus according to claim 1, character- 
ized in that said volatile memory means in- 
cludes a RAM (6), and said nonvolatile mem- 
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ory means includes an EEPROM (7). 

3. An apparatus according to claim 1. character- 
ized in that said display means (2, 4, 11) 
comprises first display means for displaying 
the data stored in said volatile memory means, 
and second display means for displaying the 
data stored in said nonvolatile memory means. 

4. An apparatus according to claim 1, character- 
ized by further comprising alarm means (2, 4, 
1 1 , R) for informing whether the data is stored 
in said nonvolatile memory means by said 
storage control means (4). 



7. An apparatus according to claim 1, character- 
ized by further comprising a timepiece circuit 
(4, 12, 13) for obtaining time information by 
counting reference signals, and time display 
means (9, 11, 12) for displaying the time in- 
formation obtained by said timepiece circuit. 

8. An apparatus according to claim 1, character- 
ized in that said data storage apparatus is 
incorporated in a case of a wristwatch type 
device worn on a wrist of a user. 

9. A data storage apparatus comprising: 

data input means (3) for inputting data; 

volatile memory means (6) capable of stor- 
ing the data input by said data input means; 

nonvolatile memory means (7) capable of 
storing the data input by said data input 
means; 

selection switch means (G S3) for select- 
ing one of said volatile memory means (6) and 
said nonvolatile memory means in which the 
data input by said data input means is stored; 

storage control means (4) for causing the 
memory means selected by said selection 
switch means (G t S3) to store the data input 
by said data input means (3); 



display means (2, 4, 11) for displaying the 
data stored in said volatile and nonvolatile 
memory means (6, 7); and 

indication means (K) for indicating whether 
5 the data display by said data display means 

(2, 4, 11) is stored in said volatile or nonvolatile 
memory means. 

10. An apparatus according to claim 9, character- 
ro ized in that said volatile memory means in- 
cludes a RAM (6), and said nonvolatile mem- 
ory means includes an EEPROM (7). 

11. An apparatus according to claim 9, character- 
ized in that said display means (2, 4, 11) 
comprises first display means for displaying 
the data stored in said volatile memory means, 
and second display means for displaying the 
data stored in said nonvolatile memory means. 

12. An apparatus according to claim 9, character- 
ized by further comprising alarm means (R) for 
informing whether the data is stored in said 
nonvolatile memory means by said storage 
control means. 

13. An apparatus according to claim 9, character- 
ized by further comprising a battery power 
supply (9), and a power supply circuit (8) for 
applying different driving voltages to said vola- 
tile memory means (6) and said nonvolatile 
memory means (7) in accordance with an out- 
put voltage from said battery power supply (9). 

35 14. An apparatus according to claim 9, character- 
ized by further comprising count means (N) for 
counting the number of times that the data is 
stored in said non-volatile memory means (7), 
and storage count display means (2, 4, 11) for 

40 displaying the number of storage operations 

counted by said count means (N). 

15. An apparatus according to claim 9, character- 
ized by further comprising a timepiece circuit 
45 (4, 12, 13) for obtaining time information by 

counting reference signals, and time display 
means (4, 11, 12) for displaying the time in- 
formation obtained by said timepiece circuit. 

so 16. An apparatus according to claim 9, character- 
ized in that said data storage apparatus is 
incorporated in a case of a wristwatch type 
device worn on a wrist of a user. 

55 17. A data storage apparatus comprising: 

data input means (3) for inputting data; 
volatile memory means (6) capable of stor- 
ing the data input by said data input means 



5. An apparatus according to claim 1, character- 
ized by further comprising a battery power 
supply (9), and a power supply circuit (8, 9) for 
applying different driving voltages to said vola- 
tile memory means (6) and said nonvolatile 20 
memory means (7) in accordance with an out- 
put voltage from said battery power supply (9). 

6. An apparatus according to claim 1 f character- 
ized by further comprising count means (N) for 25 
counting the number of times that the data is 
stored in said non-volatile memory means (7), 
and storage count display means (2, 4, 11) for 
displaying the number of storage operations 
counted by said count means (N). 30 
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(3); 

nonvolatile memory means (7) capable of 
storing the data input by said data input means 
(3); 

selection switch means (G, S3) for select- 
ing one of said volatile memory means (6) and 
said nonvolatile memory means in which the 
data input by said data input means (3) is 
stored; 

storage control means (4) for causing the 
memory means selected by said selection 
switch means (G, S3) to store the data input 
by said data input means (3); 

adding means (4, CZ, DZ) for adding order 
data to each data stored by said storage con- 
trol means (4) in accordance with a predeter- 
mined order; and 

display means (2, 4, 11) for sequentially 
displaying the data stored in said volatile 
memory means (6) and said nonvolatile mem- 
ory means (7) in accordance with the order 
data added by said adding means (4, CZ, DZ). 



ized in that said data storage apparatus is 
incorporated in a case of a wristwatch type 
device worn on a wrist of a user. 



10 



15 



20 



18. An apparatus according to claim 17, character- 
ized in that said volatile memory means in- 
cludes a RAM (6), and said nonvolatile mem- 
ory means includes an EEPROM (7). 



25 



19. An apparatus according to claim 17, character- 
ized by further comprising alarm means (R) for 
informing whether the data is stored in said 
nonvolatile memory means (7) by said storage 
control means (4). 



30 



20. An apparatus according to claim 17, character- 
ized by further comprising a battery power 
supply (9), and a power supply circuit (8) for 
applying different driving voltages to said vola- 
tile memory means (6) and said nonvolatile 
memory means (7) in accordance with an out- 
put voltage from said battery power supply (9). 



35 



40 



21. An apparatus according to claim 17 t character- 
ized by further comprising count means (N) for 
counting the number of times that the data is 45 
stored in said non-volatile memory means (7), 

and storage count display means (2, 4, 11) for 
displaying the number of storage operations 
counted by said count means (N). 

50 

22. An apparatus according to claim 17, character- 
ized by further comprising a timepiece circuit 
(4, 12, 13) for obtaining time information by 
counting reference signals, and time display 
means (2, 4, 11) for displaying the time in- 55 
formation obtained by said timepiece circuit. 



23. An apparatus according to claim 17, character- 
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© Data input from a key switch (3) is displayed on 
a liquid crystal display (2) t and whether to store the 
data in a RAM (6) or an EEPROM (7) is selected by 
a selection switch. If the EEPROM (7) is selected, a 
CPU (4) turns on a power switch (10) to apply a high 
voltage to the EEPROM (7) to write the input data 
therein. Data stored in the RAM (6) and the EEPR- 
OM (7) are read out upon operation of a search 
switch and are sequentially displayed on the liquid 
crystal display (2). It is clearly informed whether the 
currently displayed data is read out from the RAM 
(6) or the EEPROM (7). With this operation, if data 
which is required to be protected against disconnec- 
tion of a power supply voltage or a drop in power 
supply voltage is stored in the RAM (6), the data can 
be stored in the EEPROM (7). 
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